B Cell Multitasking Is Required to Control Nematode Infection  by Alugupalli, Kishore R. & Abraham, David
ex vitro. Moreover, a major role for inter-
mediate-affinity states enriched at the
leading edge of motile previously acti-
vated T cells has been described (Stanley
et al., 2008). Second, invasive podosome-
like structures have been proposed as
playing a key role in efficient transcellular
pore formation in the endothelium through
which T lymphocyte diapedesis occurs in
the absence of shear forces (Carman
et al., 2007). The ICAM-1-occupied HA-
LFA-1 microclusters are also reminiscent
of podosomes, which are highly dynamic,
actin-rich adhesion structures (Linder and
Aepfelbacher, 2003). Crucially, Src tyro-
sinekinaseactivity is critical for podosome
formation, but Shulman et al. (2009) found
no effect of Src inhibitors on either the
density of HA-LFA-1 focal dot formation
or on chemokine-triggered lymphocyte
crawling. In addition, theHA-LFA-1micro-
clusters are devoid of actin. This under-
lines the fact that primed T cells will likely
exhibit different migratory characteristics
to unprimed T cells and the migratory
mechanisms will be further shaped by
several additional factors including shear
flow (Ward and Marelli-Berg, 2009).
This work also compliments recent
reports from Bolomini-Vittori et al.
(2009), which together reveal important
new insights into how compartmentalized
Rho family and Rap GTPases are func-
tionally integrated to control distinct
aspects of chemokine-triggered LFA-1
activation at different stages of arrest
and crawling. Hence, whereas Rac
controls LFA-1 conformational transition
during arrest under shear flow, Rap regu-
lates fast turnover of chemokine-induced
HA-LFA-1 focal dots (Figure 1), consistent
with impaired leukocyte integrin function
reported in individuals homozygous for
a splice junction mutation in a Rap-
specific guanine nucleotide exchange
factor (Pasvolsky et al., 2007). Pharmaco-
logical inhibition of cdc42 with secramine
A leads to impaired filopodia formation
and hence crawling and TEM, whereas
HA-LFA-1 focal dots and adhesion are
unaffected (Shulman et al., 2009).
In summary, Rho family and Rap
GTPase signaling can control not only
lymphocyte arrest as previously recog-
nized (Ley et al., 2007) but also adhesion
and deadhesion cycling necessary for
lymphocyte motility and extravasation.
The present work establishes a seminal
model for the role of chemokine-triggered
integrin signals under shear flow. Whether
this model can be extended to other
leukocytes responding to chemokines or
T cells spreading after TCR engagement
is unclear (Ward and Marelli-Berg, 2009).
Nevertheless, the new paradigm looks
set to shape future work that will further
define how lymphocytes and other leuko-
cytes exit the blood vessels.
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In this issue of Immunity, Wojciechowski et al. (2009) demonstrate that in addition to producing antibodies,
B cells play pivotal roles in specific-antigen presentation and cytokine production for optimal T helper
2 responses required for protection against Heligmosomoides polygyrus.B cells contribute to a variety of functions
in the immune system, such as presenting
both specific and nonspecific antigens to
T cells, in addition to their unique role in
generating antibodies (Chen and Jensen,2008). Similar to polarized T cells, mature
B cells are heterogeneous with respect
to cytokine production (Lund, 2008). B
cells primed by T helper 1 (Th1) cells and
antigen make cytokines associated withImmunitytype 1 immune responses, such as inter-
feron-g and interleukin-12 (IL-12), and are
therefore referred to as B effector-type 1
cells. Alternatively, B cells primed by Th2
cells and antigen produce IL-2, IL-4, and30, March 20, 2009 ª2009 Elsevier Inc. 317
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2 cells. These effector B cells can enhance
immune responses. In contrast, other
subsets of B cells can mediate immune
suppression by the generation of IL-10
and/or TGF-b. The cytokine-producing
properties of B cells can play an important
role in regulating not only T cell responses
but also the effector functions of a variety
of cells functioning in the protective
immune response. In this issue of Immu-
nity, Wojciechowski et al. (2009) ask the
question whether the various functions
of B cells—antibody production, specific-
antigen presentation, and cytokine pro-
duction—are all required for the develop-
mentofprotective immunity toanematode
infection or, alternatively, whether the
redundancy found within the immune
system leads to a requirement of B cells
for some functions and obviates the abso-
lute need for B cells to perform other
functions.
Intestinal nematodes remain an enor-
mous problem in global health, infecting
more than one billion people throughout
the world. In addition, infections of live-
stock by these parasites result in huge
economic losses. These diseases are
characterizedbychronic infection,causing
a great deal of morbidity but rarely
mortality. Several explanations have been
proposed for the chronic nature of these
diseases, and prominent among these is
the regulation of the immune response by
both the host and the parasite. Nematodes
present a unique challenge to the immune
response in that unlike bacteria, fungi,
and viruses, they are nonphagocytosable.
Therefore, mechanisms are required that
will kill or eliminate these parasites through
the release of antibodies, cytokines, and
a variety of toxic molecules from effector
cells rather than by engulfment. Protective
immune responses against most patho-
genic nematodes require Th2 cell-medi-
ated responses. The signature cytokines
for the development of a Th2-type
response are IL-4, IL-5, IL-9, IL-13, and
IL-21. These cytokines engage not only
multiple cells of the immune system such
as macrophages, basophils, neutrophils,
eosinophils, and B cells but also a variety
of other cells such as epithelial, smooth
muscle, and goblet cells. These cells
orchestrate a number of functions that ulti-
mately lead to theeliminationof these large
parasites (Anthony et al., 2007). Sterile
immunity is not requisite for control of318 Immunity 30, March 20, 2009 ª2009 Elsethe diseases associated with these infec-
tions. With rare exception, the only way
to increase the number of adult parasites
within a host is by reinfection from the
external environment. Thus the require-
ments for the immune response are to
eliminate the majority of the parasites
within a host and thereby eliminate disease
and also provide protection from reinfec-
tion from the environment. However, para-
sites have coevolved immune evasion
mechanisms to thwart the protective
immune response. These include the pres-
enceofmultiple stageswithin the life cycle,
each residing in a specific anatomical loca-
tion. Specific protective immune mecha-
nisms targeting one stage of the life cycle
will usually not be effective against other
stages.
Heligmosomoides polygyrus is a nema-
tode that naturally infects mice through
a strictly enteral route. Upon infection,
the larvae invade the mucosa of the
duodenum andmigrate to the submucosa
proximal to the muscularis layer. Adult
worms emerge and attach to the intestinal
villi, where they mate and release eggs for
several months. Infection of mice with
H. polygyrus provides a model of a natural
nematode infection that is subclinical and
chronic. Resistance to H. polygyrus is
immune mediated and T cell and B cell
dependent (Urban et al., 1995). The infec-
tion is controlled by a Th2 response,
based on a dependency on expression
of IL-4 and IL-4Ra chain receptor-medi-
ated activation of Stat6 (Finkelman et al.,
2000; Urban et al., 1995). The target of
the protective Th2 response may be
reducing invasion of the intestinal mucosa
by the parasitic larvae, by destruction of
the larvae within the tissue, or by the
clearance of adults from the intestine.
Although Th2 responses are known to
be important for intestinal parasitic nema-
tode expulsion, it is not known how an
optimal response required for protection
is generated (Anthony et al., 2007). Using
a variety of genetically engineered and
chimeric mice, Wojciechowski et al.
(2009) demonstrate that in the murine
model of H. polygyrus infection, B cells
take center stage in generating an optimal
Th2 response. The expansion of Th2 cells
appears to be independent of antibodies
produced by B cells. Instead, a number
of B cell-intrinsic properties such as
B cell receptor specificity, B cell major
histocompatibility complex (MHC) classvier Inc.II-mediated antigen presentation, B cell
IL-4Ra signaling, and B cell-derived
cytokines—in particular, IL-2 and tumor
necrosis factor (TNF)a—are all required
(Figure 1). Although TNFa is not a signa-
ture cytokine of the Th2 response, as an
intermediate it is likely to shape Th2
responses via induction of release of IL-13
(Artis et al., 1999).
Thework byWojciechowski et al. (2009)
is highly complementary to a recent article
by McCoy et al., which demonstrated that
both polyclonal and specific antibodies
play an essential role in protective immu-
nity to H. polygyrus expulsion (McCoy
et al., 2008). Both sets of studies reveal
that IgM, IgE, and IgA do not play a
major role in resistance. However, affinity-
matured IgG1, the dominant isotype
generated during Th2 responses, plays
a critical role in protective immunity.
Passive transfer of antibodies, and in
particular the IgG isotype, decreased the
adult worm burden. The number of eggs
in the feces of infected mice was also
significantly reduced upon passive trans-
fer of antibodies from immunized mice
to naive B cell-sufficient hosts (McCoy
et al., 2008). However, Wojciechowski
et al. were unable to demonstrate
successful passive transfer of protective
immunity with immune serum to B cell-
deficient mice (Wojciechowski et al.,
2009). This discrepancy suggests that B
cells might have an unknown effector
function that collaborates with antibody
to eliminate the nematode. Although
specific antibodies and a robust Th2
response are required for the control of
adult parasite burden, it is not clear
whether these protective responses act
at the larval or adult or both stages of
the parasite life cycle. It is also not known
whether the antigens that induce protec-
tive antibodies and Th2 cell responses
are derived from the same or different
stages of the H. polygyrus life cycle.
The studies from both Wojciechowski
et al. (2009) andMcCoy et al. (2008) reveal
a central role for B cells in protective
responses against H. polygyrus and also
advance our understanding of host immu-
nity to helminth infections. Vaccination is
the most effective means to control infec-
tious diseases. To develop an effective
vaccine, it is essential to understand
factors required for optimal expansion of
antigen-specific memory T and B cells.
Optimal B cell response and Th2 cell
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Previewsexpansion do not occur until after two
rounds of H. polygyrus infection; this
suggests that prime-boost immunization
strategies are required for the develop-
ment of protective responses against
nematodes. Future studies are necessary
not only to identify the stage-specific
parasite antigens involved in protective
Figure 1. Central Role for B Cells in Protective Response against H. polygyrus
A suboptimal Th2 response occurs in the absence of B cell help during primary infection of mice with
H. polygyrus (Hp) (Wojciechowski et al., 2009). The antibody response generated during the primary infec-
tion with Hp is not sufficient for protective immunity (McCoy et al., 2008). During the secondary infection
withHp, specific B cells performmultiple required tasks including the generation of optimal Th2 responses
and high-affinity Hp-specific IgG1. B cells perform this by recognition of Hp in a specific BCR-dependent
fashion and presenting Hp antigen to Th2 cells in an MHCII-dependent manner that results in enhanced
IL-4 production by T cells. B cell-intrinsic IL-4Ra signaling leads to an effector function, the release of cyto-
kines. IL-2 produced by B cells plays an important role not only in Th2 expansion but also in the generation
of parasite specific IgG1 (not shown). TNFa produced by B cells augment the specific IgG1 response.
Although B cell-derived TNFa is not required for Th2 expansion, it could potentially influence IL-13-medi-
ated protective Th2 responses during the infection. Expanded Th2 cells make increased amounts of their
signature cytokines, IL-4, IL-13, and IL-5. These cytokines act on a variety of cells including B cells result-
ing in a robust anti-Hp IgG1 response leading to parasite elimination.Immunity 3B and T cell responses but also to eluci-
date themechanisms involved in the elim-
ination of the parasite. The key role of
specific antibodies and effector B cells
involved in Th2 responses indicates that
an effective antinematode vaccine should
be composed of specific nematode anti-
gens that induce protective antibodies
as well as engage B cell effector functions
such as antigen presentation and cyto-
kine production.
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